1 examiner's comments, applicant respectfully requests in paragraph (2) above, 

2 cancellation of all previous claims, 1 though 26, and substitution of new 

3 claims 27 through 53, incorporating examiners comments, as explained 

4 below. 

5 

6 Paragraph (4) In further respectful accordance with examiner's comments 

7 of page 8, paragraph 1, under "Allowable Subject Matter," applicant has 

8 redrafted the canceled dependent claims 10 and 21 as independent claims, 

9 incorporating all the limitations of Claim 1 (comprising the substance of the 

10 base claim and any intervening claims). The newly re-written claims are 
n numbered as claims 27 and 28, respectively. Applicant's intent in drafting new 

12 claims 27 and 28 is to render them immediately allowable in accordance with 

13 examiner's comments with respect to the canceled claims 10 and 21. Claim 29 

14 is also written after that manner, but differently phrased. Should these claims not 
is be deemed allowable, applicant respectfully requests constructive assistance in 

16 order to place them in allowable condition as soon as possible and without need 

17 for further proceedings. Telephone or fax contact is welcome. 

18 

19 Paragraph (5) New dependent claims 30-35, 37-48, and 50-56 

20 incorporate all the subject matter of new independent claim 27 and add 

21 additional subject matter, comprising the substance of canceled claims 1-6, 8- 

22 9, 11-20, and 22-26. Additionally, new claim independent claim 27 is drafted 

23 in the examiner proposed allowable form per examiner's helpful comments, 

24 discussed in paragraph (4), above. Therefore claims 30-56 are respectfully 

25 submitted as, now, a fortiori and independently, patentable over the 

26 references. 

27 

28 Paragraph (6) In respectful response to examiner's comments with respect 

29 to claim 7, (see examiner's pg 2, line 1) applicant requests in paragraph (2), 

30 above, cancellation of claim 7 without substitution. However, with respect to 

31 claim 8 fuel injection comprises a valid embodiment of the applicant's technology 

32 and is included in new claim 35. 

33 

34 Paragraph (7) In addition to the above and in respectful clarification of an 

35 apparently misunderstood reference, the applicant offers that examiner 

36 appears to have misunderstood the art of Warren (6209495). The apparent 

37 mistake is that, contrary to the examiner's comments on page 3, lines 10-12, 

38 regarding claim 12, Warren teaches no oil cooling, nor a sump acting as a heat 

39 sink. Referring to the Warren application, column 15, lines 40-44, 50-53, and 55- 

40 57, and column 21, lines 18-20, we note that, in fact, no oil returns from the 

41 pistons to the sump, at all. (See Enclosure (4).) The Warren art pumps oil to the 

42 piston rings, to comprise a thin lubrication layer dispersed on the cylinder walls, 

43 none of which returns to the sump. Segregated sump-to-piston-to-sump oil 

44 circulation and return as taught by the instant applicant, is, so far as any 

45 reference has been able to establish, novel to the applicant's art. Most certainly, 
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1 the voluminous piston-to-sump cooling oil recirculation provisions, sufficient to 

2 dissipate significant heat, are unique to the instant applicants teaching. 

3 

4 Paragraph (8) With respect to examiner listed-but-not-relied-upon 

5 reference, US Patent 2,825,319, by Harrer. Applicant respectfully concurs that it 

6 has little applicability. Close examination reveals that the art taught therein has 

7 little in common with the applicant's art, beyond a vague physical resemblance. 

8 Harrer teaches, as does the instant applicant, a piston engine having a piston 

9 rod with a piston at each end. At this point, the resemblance ends, for the Harrer 

10 patent is directed toward a combination combustion engine and compressor, so 
n configured as to directly apply reciprocating motion of internal combustion engine 

12 pistons to separate, reciprocating compressor pump pistons, bypassing the usual 

13 translation of reciprocating drive piston motion into rotary motion or single 

14 direction linier motion. There is, in fact, no motion translation at all, but virtually 
is direct transmission of the reciprocal motion of the drive pistons to the 

16 compressor pistons. The claims, bearing this out, and in contrast to the instant 

17 application, are directed only at, and universally require, integral, but separate, 
is parallel, compressor component pistons, in addition to the drive pistons. 

19 

20 CONCLUSION 



21 Paragraph (9) For all of the above reasons, and in view of the above amendments 

22 and clarifications, the applicant submits that his specification and claims are now in 

23 proper form, and that the claims all define art patentable over previous technologies. 

24 Therefore, the applicant submits that this application is now in condition for allowance, 

25 which action he respectfully solicits. 

26 

27 Paragraph (10) If, for any reason, this application is not believed to be in full 

28 condition for allowance, the applicant respectfully requests the constructive assistance 

29 and suggestions of the examiner pursuant to M.P.E.P. § 2173.02 and § 707.07(j) in 

30 order that the undersigned can place this application in allowable condition as soon as 

31 possible and without the need for further proceedings. 

32 

33 Paragraph (11) Because all previous claims are, herein, requested canceled, no 

34 "marked-up" claims list is enclosed. 

35 

36 Very respectfullv, 



37 David Douglas W|[nJ|grs 

38 USPTO reg.# 50,746 




39 
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1 End: 

2 (1) App. 1 : Copy of USPTO letter confirmation, no.3705 mailed 07/05/2005 

3 (2) App. 2: Claims List, Clean Copy, annotated with status 

4 (3) App. 3: Excerpts from patent application of Warren, 6,209,495 B1 
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Election/Restrictions 



DETAILED ACTION 



' Claims 7 and 8 withdrawn from further consideration pursuant to 37 CFR 
1 .142(b), as being drawn to a nonelected invention, there being no allowable generic or 
linking claim. Applicant timely traversed the restriction (election) requirement in the reply 
filed on January 7, 2005. 

The traverse is moot since no claims would be exclusive to species (II). 
Applicant will be held to election of claims exclusive to species (II) are later presented. 

Claim Refections - 35 USC § 102 
The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that 
form the basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless - 

(b) the invention was patented or described in a printed publication fn this or a foreign country or in public 
use or on sale in this country, more than one year prior to the date of application for patent in the United 



Claims 1-6, 9, 11-20, 22-26 are rejected under 35 U.S.C. 102(b) as being 
anticipated by Warren (6,209,495). Warren discloses an internal combustion engine 
machine incorporating significant improvements in power, efficiency and emissions 
control comprising, a one or more cylinders, each having a head, a combustion 
chamber, a base, a compression chamber and a sidewall, One or more means of 
igniting fuel in the cylinders; One or more sources of intake ain a means of storing 
and/or cooling lubricating oil between cycles of circulation, A drive train, a means of 
encasing, protecting, cooling and lubricating the drive train; A means of segregating the 
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oil in the sump and/or crankcase from the air or air/fuel mixture in the cylinder, A means 
of dispersing oil on the cylinder walls and of then gathering excess for return to the oil 
sump; A means of transmitting energy to and from the pistons, a means of guiding 
each piston rod such that it moves in a linear manner, always along the same line; a 
means of drawing air or air/fuel mixture into the engine machine, propelling it into the 
cylinder combustion chamber, compressing it for ignition and propelling its expulsion 
afterr ignition; a means of admitting air and fuel, or air/fuel mixture into each cylinder a 
means of efficiently expelling exhaust gases resulting from combustion of tiie air fuel 
mixture after energy has been extracted; a means of transmitting energy from the piston 
rod to the drive train; a means of cooling the engine; a means of transporting dispersing 
gathering and returning lubricating/cooling oil while keeping it segregated from 
combustion air and fuel; 

Regarding claim 2, comprising a plurality of cylinders in one or more banks of two 
opposing cylinders each; 

Regarding claim 3, wherein the means of transmitting energy to and from the 
each piston is a piston-rod with a piston attached at one end, each piston rod passing 
through the base of its cylinder, carrying the force of its associated piston power stroke 
to the drive train, the piston rod be linked to the drive shaft by a push rod fn the 
crankcase/oii sump, propelling a transmission mechanism, such as a crank-plate or 
other rotary or linier device powering a drive shaft; 

Regarding claim 4, an engine machine as in daim 1 wherein the means of 
cooling the engine is via exhaust gas expansion, cooling fins on the engine machine 
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and via a large volume of oil circulated through the cylinders and pooled In the sump, 
the sump acting as a heat sink for oil circulating from the cylinders', 

Regarding claim 5, wherein the means of transmitting energy from the piston rod 
to the drive train is a rotary deice, such as a crank plate, linked to the piston rod by a 
push rod; 

Regarding claim 6, In which the means of transmitting energy from the 15 piston 
rod to the drive train is, such as a rack and pinion transmisssion system, segmented 
gear drive, or a ratchet device; 

Regarding daim 9, wherein the means of admitting air or air/fuel mixture into 
each cylinder obtained by intake pods in the sidewall of each cylinder', 

Regarding claim 1 1 , wherein the means of drawing air or air/fuel mixture into the 
system, propelling it into the cylinder combustion chamber, compressing it for ignition 
and expelling ft after ignition fs a "multi-function piston' that draws air or air/fuel mixture 
from the intake source and into the compression chamber beneath the piston on an up 
stroke and propels it out of the compression chamber into the cylinder combustion 
chamber above the piston on a down stroke, and on the immediately subsequent 
upstroke, compresses the air or air/fuel mixture in the combustion chamber, then, upon 
combustion and expels the exhaust; 

Regarding claim 12, wherein the means of guiding each piston rod such that it 
moves in a linear manner, always along the same line is the compression wail and the 
piston rod compression seal serving as a piston rod guide to hold each pistons in 
correct position within its cylinder; 
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Regarding claim 13, wherein there is provided for each cylinder, a multi-function 
piston performing four "drive" functions plus lubrication, the "drive" functions being to (1) 
draw in new air or air/fuel mixture into the intake chamber (2) propel the new air or 
air/fuel mixture into the combustion chamber (3) compress the 26 air/fuel mixture in the 
cylinder combustion chamber, (4) receive the force of combustion for the power stroke 
for transmission to the piston rod, and (5) receive, disperse and recoup lubricating oil for 
return to the oil sump/cooler, 

Regarding claim 14, wherein the means of dispersing oil on the cylinder walls 
and of then gathering excess for return to the oil sump is oil hoarding rings, these rings 
located near the head and base of each piston, such that they contain any oil dispersed 
between them, and when in motion, push said oil before mem, substantially wiping ft off 
the cylinder walls and leaving only a fine film behind as they move 

Regarding claim 15, wherein the means of segregating the oil in the sump and/or 
crank case from the air or air/fuel mixture in the cylinder is in the form of a compression 
wall and piston rod pressure seal at the base of each cylinder, the compression wall 
segregating the fuel and air in the cylinder from the lubricating/cooling oil in the oil 
sump/crankcase, thus creating a segregated and sealed intake chamber into which the 
air or fuel/air mixture is first received from the carburetor or breather and from which it 
is discharged into the cylinder combustion chamber, the piston rod passing through the 
compression wall at the base of each corresponding cylinder and into the 
sump/crankcase by way of the compression wall and pressure seat; 
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Regarding claim 16, wherein the means of encasing, protecting, and lubricating 
the drive train is a combination crankcase/oil sump; 

Regarding claim 1 7, wherein the means of storing and/or coding the oif between 
cycles of circulation is a combination crankcase/oil sump; 

Regarding claim 19, wherein the means of igniting the fuel is an electrical spark; 

Regarding claim 20, wherein, the means of transporting, dispersing, gathering 
and returning lubricating/cooling oil while keeping it segregated from combustion air and 
fuel is a dynamic force lubricating oil pump comprising a piston rod/lubrication assembly 
that serves as both a means of transmitting force to and from the piston and as a means 
to transmit lubricating/cooling oil to its cylinder via a multi-function piston, the assembly 
comprising a piston rod with a multi-function piston attached to each end and oil pick-up 
and exhaust pods in its mid section, and oil transport passages in the piston rod from 
the oil pick-up nozzles to the multi-function piston assembly and back to the oil exhaust 
ports, the piston assembly having a multi-function piston configured with one or more 
radially situated oil inlet and outlet ports that distribute lubricating oil to the associated 
cylinder and recovers the oil for return to the sump/crankcase, using oil hoarding rings 
near each piston head and base to assist in dispersing and then re-gathering the oil for 
return to the cooling sump such that oif flows through the piston rod and piston, and 
around the piston, lubricating and cooling piston walls, piston rings and cylinder walls, 
and returns through the piston and piston rod to the oil sump/crank case for cooling, the 
piston rod and drive train being lubricated by splash distribution in the crank-ease/oif 
sump; 
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Regarding claim 22, wherein a wrist pin links each piston to its piston rod, 
rendering the combination Jess rigid; 

Regarding claim 23, wherein the means of igniting fuel in the cylinders comprises 
explosive compression in the cylinder head;. 

Regarding claim 24, wherein means of igniting fuel in the cylinders comprises a 
glow plug. 

Regarding claim 25, wherein the means of transmitting energy to and from the 
pistons is a piston-rod between and joining each pair of pistons in each cylinder bank 
such that each piston rod has a piston at each end, the piston rod passing through the 
bases of each associated cylinder, each piston rod carrying the force of each piston 
power stroke to the drive train, and across to the opposite associated piston to power 
that piston's compression stroke, the piston rod to be linked to the drive shaft: by a 
push rod in the crankcase/oi! sump, propelling a crank-plate or other rotary or linier 
transmission device that is geared to toe drive shaft; 

Regarding claim 26, wherein there is a plurality of banks of cylinders, each bank 
comprised of two or more cylinders and the drive train of each bank joined to the drive 
train of its neighboring bank(s) in such a way that each bank may be independently 
disconnected from its neighbors) and shut down automatically or at the discretion of the 
operator, the manner of joining the bank drive trains being, in example, manual 
dutcht(es), centrifugal Glutcht(es), or ratchet devices. 
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Allowable Subject Matter 
Claims 10 and 21 are objected to as being dependent upon a rejected base 
claim, but would be allowable if rewritten in independent form including all of the 
limitations of the base claim and any intervening claims. 

Conclusion 

The prior art made of record and not relied upon is considered pertinent to 
applicant's disclosure. U.S. Patent No. 2,825,319 issued to Harrer is a similar system. 

Communication 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Katrina B;, Harris whose telephone number is 571-272- 
4842. The examiner can normally be reached on 6:30 AM -3:00 PM. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Henry Yuen can be reached on 571-272-4856. The fax phone number for 
the organization where this application or proceeding is assigned is 703-872-9306. 
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Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direcLuspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). , • 
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122a and 1226 remain properly aligned with the respective cylinder forces the expended exhaust gases out of the 
connecting rods. cylinder via the exhaust ports 39. The timing of the scavenge 
Provisions designed into the spherical connector mecha- valve is such that it closes at approximately the same time 
nism 64, FIG. 4* in conjunction with provisions in the that piston 38 covers exhaust ports 39 as it starts back up the 
connecting rods and pistons, serve to direct lubricating oil to 5 cylinder. Thus at the point that the exhaust ports are covered 
the piston rings. In the spherical connector mechanism, these and the scavenge air flow stops, all spent exhaust gases will 
provisions consist of lube oil channel 122, FIG. 10 and have been swept out of the cylinder, and replaced with clean, 
drillings 122a and 122b. Input crank 104, FIG. U of the unspent air. With the exception that the fuel/air intake is via 
epicyclic gear crank assembly 3 is rotatably constrained in the front of the cylinder head instead of via the bottom, as 
spherical bearing 118 by means of needle roller bearing 10 is the case for the scavenge air flow, the fuel/air intake and 
assembly 109, the outer circumference of which is a press fit the scavenge intake valve trains are substantially identical, 
in spherical bearing 118. Lube oil is red to the needle roller The arrangement of the fuel/air intake valve details versus 
bearing assembly via drilling 112 in the input crank arm 104 the scavenge air intake valve are shown in detail in FIG. 12. 
of the epicyclic gear crank assembly to lubricate needle FIG. 12 illustrates the fuel/air and scavenge intake valve 
rollers U0. The housing 111 of needle roller bearing asen> 15 arrangement connected to the outer end of the left hand 
bly 109 is capped at one end and is sealed at the other end cylinder; however, the arrangement of the fuel/air and 
by means of seal 109a. Drillings Ula around the circum- scavenge air intake for the right hard cylinder is essentially 
ference of the needle bearing bousing permits rube oil to the same. As shown in FIG. 12, the thoroughly atomized 
pass out of the needle roller bearing assembly via drillings fuel/air mixture enters the cylinder bead via intake passage 
111a, channel 122, and drillings 122a and 1226 to miniature ^ 52, thence through open fuel/air intake valve 137 and into 
one-way valves 123 and 123a at the bottom end of the lefthand pre-combustibn chamber 50, whence it is ignited by 
connecting rods 63 and 63a. spark plug 26. The scavenge and fuel/air intake valves 48 
Referring to FIG. 11, since both left and right hand pistons and 137 are constrained in two dimensions by respective 
are identical, only the right hand piston, connecting rod and valve guides 138 and 138a and are mechanically opened and 
lube oil path will be described in detail. A drilling 124 in 25 ctose d by means of respective valve adjuster barrels 139 and 
connecting rod 63a connects the output of miniature one- 139a, via respective slider bushings 140 and 140a and 
way valve 123 mounted at an inner end with the input of a respective forks 141/1 41a and 141 6/14 1c which are integral 
second one-way valve 123a mounted within an outer end of with the respective rocker arms 53. This fork and slider 
the connecting rod. Cutout channels 128 at the top of the bushing arrangement simply allows the rotary arc motion of 
connecting rod serve to permit the lubricating oil to pass into x (he rocker arms to be converted to straight reciprocating 
drillings 127 in piston 38a. Drillings 127 extend radially action for opening and closing of the valves, 
outward from the connecting rod such that the outer end of The scavenge and fuel/air intake valve linkages are corn- 
each drilling is spaced towards the gear crank assembly 3 in pletety enclosed by means of valve linkage housings 56 and 
relation to the inner end of the drillirig. Tym^y, three such 56a, FIG. 4 which are physically constrained adjacent 
drillings 127 would be used in each piston equally spaced to 35 respective left and right cylinder heads and camshaft bous- 
evenly distribute the lube oil around the piston. An orifice ing 68. The valve linkage housings are bolted to camshaft 
plug 126 in each drilling serves to restrict the lube oil flow housing 68 and are sealed to prohibit oil leakage. Access 
to the annular groove which carries the upper piston ring plates 55 and 55a serve to gain access for valve adjustment 
125, purposes and are similarly oil sealed Both the camshaft and 
During operation, the piston and connecting rod undergo 40 valve linkages operate in a partial oil bath, and drillings 68a 
high negative acceleration forces during the upper half of the and 68fc serve to permit lubricating oil to enter the valve 
cycle near the top dead center position. This causes lubri- linkage housing, whence the valves are lubricated by means 
eating oil to gradually migrate through the two one-way of splash action caused by the rocker arms, 
valves 123 and 123a towards the piston. But since the slope Referring again to FIG. 4, and particularly the right hand 
on lube oil channels 127 is negative, there is a tendency for 45 cylinder, this figure shows the right hand piston 38a at top 
any lube oil in channels 127 to flow back towards the upper dead centre at the point where combustion occurs. When the 
one-way vaWe However, one-way valve 123a blocks any piston is at top dead centre, combustion chamber 51a is at 
such flow. On the bottom half of the cycle near the bottom its smallest volume, and is bounded by the race of piston 38a 
dead center position, the piston is under high acceleration in and the internal surface of cylinder head 25a. Thischamber 
he opposite direction, and these forces then tend to cause 50 is interconnected to precombustion chamber 50a via the 
te lube oil to be forced out through the orifice plugs 126 to waisted portion 57a. Because the opening and closing of the 
fill the piston ring channel And since the piston ring is also fuel/air intake valve lags behind that ofthe scavemre valve 
under the sarne forces of acceleration as me p^ there is a gradation in the fuel/air mixture wilhin the' 
oflttsoueeTcd into the piston rmg groove on the upper side. combustion chamber, with an enriched fuel/air mixture in 
^ . * P f°? 5 ^ ucm ?J *P the cylinder towards 55 chamber 50a and virtually dean air only in chamber 51a. 
LlnnrT P r°^ 3 ^ ° f lubnC3tiD8 °* h ^^g*nentperrmtsL 

deposited on thecyhnder walls. operate at a very lean mixture, and still have an enriched fuel 

turning next to FIG. 4, left and right scavenge valves 48 mixture adjacent to the spark plugs26 and 26a respectivelv 

cvHn^^S I** °T. 2* ° f v**™*™ 111 the valve train as shown in FIG. 4, the cam^actuated 
?r^%?" ^ ^ ^ nghl "T* 6 ValVCS 48 60 valve operating mechanism 67 serves to both open and Xe 

b ?l ~ * left Md ri S bt to valves ^ than relying on a cam lmkaTtoonente 

rocker arms S3 and 53a, left and right push/pull rods 54 and valves and springs to close them. The\^e emetine 

^?JTT V v7 TT S ^ haDiSm ***** Hnkage is sho™ if an enlarged cr^seSo^wTnG 

or^ti^i lL ndef ^ WhCD ^ * ValvC 48 » 14 orally posit^nTcam shaft * I £ 
opened, supercharged scavenge air enters the cylinder via air 65 mating cam foHowers 133 and 13d that »Z 

into combustion chamber 51. He scavenge air entering the 87 shown in FIG. 5 in camshaft housing 68 and matching 
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nents from the cylinders. With this oil seal between the main up stroke, and which remains in the chamber between the 
housing and the lower portion of the cylinder, it is less likely piston and cylinder head. This arrangement, whereby the 
that lubricating oil will be lost via the exhaust manifold to fuel-charged air is injected separately from the scavenge air 
atmosphere * thus reducing this source of possible emis- after the piston has started its up stroke, results in a highly 
sions. 5 enriched volume of air in close proximity to the spark plug, 
Since the lower portion of the cylinder is not splash but with only a very small amount of fuel in the piston/ 
rubricated as is typical in four-stroke engines, and since for cylinder head cavity. This concentrated fuel/air mixture in 
environmental reasons it is not desirable to mix the lubri- ^ pre -cx)mbustion chamber, coupled with nearly pure air in 
eating oil with the fuel as is done in typical two-stroke the piston/cylinder head cavity win result in a very lean- 
engines, some means is included to provide lubricating oil to 10 burning engine, yet one not prone to back-firing which might 
the piston rings. Because the high piston-to-cylinder side otherwise result horn an excessively lean fuel/air mixture, 
forces have been eliminated, Jbere is not as great a need for ^ requireme m of having a positive means for closing 
cylinder wall lubneanon as there is m conventional two and * b/usW^o^ning cam for^ch 
four-stroke engines; nonetheless, some lubricant is still 7 . ~i *Tw • • , L u "F™"«s J~ 
required to lubricate the piston rings. This is achieved by the 15 «~5 t 2^J^^S£ a i IltLJ^X 

ttzss^tt^sziss V rf ° r ° D ^ «■* r °?? 

amount of lubricant to be deposited on the cylinder wall botto . m - ™f ^ foUower •nangement perrmte a single 
ahead of the piston rings oneacn piston up stroke. 20 H^,??^ ^ l ° ^te <e kted "L" 

The spent exhaust g^s are cornpletely purged from the ^^^«^e valves for both homontally opposed 
cylinder by a separate scavenge air flow before the fuel/air _ — , t . . 

mixture enters the cylinder. Further, the intake timing is such In older to meet ^ objective of easy disassembly, as well 
that the intake valve does not open until after the exhaust 855 to P 6 ™"* the "nishaft 10 operate in an oil bath, the cam 
ports at the bottom of the cylinder are closed by the piston „ housm 8 * made 325 a separate assembly, which simply bolts 
as it begins its up stroke. This provision completely elimi- onto the boUom of me main reusing containing the epicyclic 
nates the problem of unbumed fuel being lost to exhaust cnxk unit sioce me heAd » a modified 

However, it also necessitates the use of two separate, valve LrSDa P e tv Pe> ^ valve Knkage can be very short, which is 
trains and intake air flows— one for scavenge air and one for hi ? hi > r desirable for operation at the higher RPM required of 
the fuel charged air. Further, the scavenge valve is located in 30 this camshaft. 

the cylinder head so that, as the spent exhaust gases exit While the pistons and connecting rods are much lighter 
through the exhaust ports at the bottom of the cylinder, they than in a conventional engine, there is still some requirement 
are completely swept out by the surge of scavenge air for counterbalancing, particularly since both opposing pis- 
entering at the top. tons operate in sync. This is achieved by using two relatively 
Because an epicyclic gear crank replaces the conventional 35 s™* 11 counter-rotating weights, one attached to the rotating 
crankshaft, the crankcase cannot be used to pre-compress the D °dy portion of the epicyclic gear crank, and the other being 
fuel air mixture as is done in a conventional two-stroke a separately driven weight which is bearing-mounted on the 
engine. Instead, a dual element, direct drive supercharger is • main oo^y housing, and being roughly the same distance 
used so that two completely separate air flows can be forward of the piston-to-piston center line as the epicyclic 
achieved - one flow to scavenge the exhaust gases from the 40 crank mounted weight is to the rear. The front coun- 
cylinder and one to inject a well-atomized fuel/air mixture terweight is driven via gears from the camshaft such that it 
into the cylinder, timed such that it only enters the cylinder turns at the same RPM as the epicyclic gear crank mounted 
after the piston has started its up stroke and the exhaust ports counterweight but in the opposite direction. This arrange - 
are closed While conventional cartraretion could be used, a ment results in a nearly complete dynamic balance, both in 
special rotary-type fuel injector is deployed. The rotary-type 45 toe horizontal piston-to-piston axis, as well as along the 
fuel injector is designed to spray variable amounts of fuel vertical axis. 

into the air flow up-stream of the supercharger and into the Because the main body housing for the epicyclic gear 
fuel/air intake portion of the supercharger only. Separate crank is continuously supplied with recirculating oil, some 
manifolds carry the scavenge and intake air flows to the small amount of oil will gradually seep out past the con- 
cylinder heads, and each intake flow is controlled via so necting rod seals. As well, there will inevitably be some 
separate timed valves. blowby of air and oil past the piston rings on each com- 

The fuel-charged air is injected into a pre-combustion pression stroke. To ensure that even this small amount of 
chamber in the cylinder head that is separated somewhat airborne oil is prevented from flowing to exhaust, a poppet 
from the combustion chamber proper, formed between the type exhaust valve is used. A vent line is connected from the 
upper portion of the piston and the cylinder head. This 55 lower portion of the cylinders (at the crossover channel) to 
precombustion chamber incorporates both the scavenge and the intake side of the fuel/air supercharger section. This 
fuel/air intake valves, as well as the spark plug. What these means that any small quantity of seepage oil, from either 
two separate but interconnected combustion chambers source, will be mixed with the fuel/air intake mixture and 
accomplish is to allow an enriched air/fuel mixture to be will be burnt. These provisions will result in a very clean 
injected into the pre-combustion chamber after the piston 60 burning engine that will bear very little resemblance to the 
has started its up stroke and which essentially remains in the conventional two-stroke engine in the amount of emissions 
pre-combustive chamber adjacent to the spark plug. Because produced. 

£fcS3i^*.^^ thai iKirtirm of the cycle Because direct conversion from reciprocating to rotary 
dung which the exhaust ports are uncovered, it serves not motion is achieved without the use of a conventional 

K tK^S^h °f ° f ***** 65 c^kshan.^ 

f , cIcan air* It is tins residual high piston-to^flnder sidewall forces, which are highest 
scavenge air that is subsequently compressed on the piston during the mid-point of the combustion cycle, are com- 
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